To investigate a possible association with plasma platelet activating factor acetylhydrolase (PAF-AH) gene mutation with the risk of abdominal aortic aneurysm (AAA).
Objective
To investigate a possible association with plasma platelet activating factor acetylhydrolase (PAF-AH) gene mutation with the risk of abdominal aortic aneurysm (AAA).
Summary Background Data
Plasma platelet activating factor acetylhydrolase is known to catalyze platelet activating factor (PAF), thereby inactivating its inflammatory function. Deficiency of this enzyme is caused by a missense mutation (G 994 3 T) in exon 9 of the plasma PAF-AH gene.
Methods
We did a case-control study including 131 patients (median age 73.4 [range 50 -84] years) and 106 controls matched for age and sex. Genomic DNA was analyzed for the mutant allele by a specific polymerase-chain reaction. Plasma PAF-AH activity was measured in both groups.
Results
The frequency of the mutant allele (T allele) in the plasma PAF-AH gene in AAA patients was significantly higher than in control subjects. The association of the missense mutation with AAA was statistically significant and independent of other risk factors. Among AAA patients with normal genomic type, plasma PAF-AH activity was strongly correlated to the plasma concentration of low density lipoprotein cholesterol (LDL-C), while the correlation was not observed among AAA patients with heterozygotes genotype. Patients having AAA with both T allele and hyperlipidemia were more likely to have other atherosclerotic diseases such as ischemic heart disease, stroke and peripheral arterial occlusive diseases than patients with the normal genomic type and normal lipid level.
Conclusions
The genetic mutation of plasma PAF-AH gene appear to be an independent risk factor for AAA. Our findings need to be confirmed in a larger, prospective study including patients from different populations.
The etiology of abdominal aortic aneurysm (AAA) involves both environmental and genetic factors. Male gender, tobacco use, hypertension, and hyperlipidemia have been considered to be risk factors for AAA. [1] [2] [3] Although patients with AAA and atherosclerotic diseases often share these risk factors and manifest both diseases at the same time, the role of atherosclerosis in AAA is still controversial. Even if atherosclerosis does play an important role in AAA, it is likely that additional etiopathologic processes are involved. Much attention has been given to the hypothesis that inflammatory response in the vessel wall causes enzymatic degradation of the connective tissue matrix. The beststudied group of such enzymes involved is the matrix metalloproteinases (MMPs).
Recent studies have identified that mRNA of MMP-1, 2, and 9 are induced by platelet-activating factor (PAF) in epithelial cells and fibroblasts. 4, 5 Moreover, PAF receptor antagonist has abolished PAF-induced collagenolysis in the human uterine cervix. 5 Platelet-activating factor is a biologically potent ether phospholipid generated by many types of cells including neutrophils, macrophages, platelets, and endothelial cells. Platelet-activating factor is inactivated by the enzyme PAF acetylhydrolase (PAF-AH), which hydrolyzes the sn-2-acetyl moiety of PAF to lyso-PAF. Plateletactivating factor acetylhydrolase protects low density lipoprotein (LDL) against oxidative modification, 6 which is thought to be important in preventing atherosclerosis. Since an inherited form of PAF-AH deficiency was reported by Miwa et al, 7 this autosomal recessive trait has only been observed in Japanese populations. Recently, the molecular structure of the human plasma PAF-AH gene was determined, 8 in which deficiency of this enzyme is also identified to be a result of a single point mutation (G 994 3 T) in exon 9. In patients who are homozygous for the mutation, enzymatic activity is completely abolished, while heterozygotes have reduced activity. Previous studies have identified that the mutation of the plasma PAF acetylhydrolase gene is associated with severity of asthma attack, 7 nephrotic syndrome in children, 9 and atherosclerotic diseases such as coronary artery disease, 10 stroke 11 and peripheral artery occlusive disease. 12 Based on these findings, we performed a case-control study to see whether there is an association between plasma PAF acetylhydrolase gene mutation and AAA.
METHODS
Plasma PAF-AH genotype analysis was performed on blood samples from 131 patients with AAA treated at Second Department of Surgery of Hamamatsu University Hospital. A diagnosis of AAA was established when an abdominal aortic diameter of 30 mm or more was measured by either computed tomography or abdominal ultrasound. Patients with Marphan's syndrome were not involved in this study. The control group was chosen from patients who visited the hospital for gastrointestinal screening tests such as gastroscopy and colonoscopy that had no history of stroke, ischemic heart disease, or peripheral arterial occlusive diseases. The control group consisted of individuals living in the same area and matched with patients that had AAA for sex and age. All subjects enrolled in this study were Japanese, and all patients gave informed consent. The Ethics Committee of Hamamatsu University School of Medicine approved this study.
Patients were considered smokers if they had a smoking index (years ϫ amount of smoking [number of cigarettes] per day) Ͼ 100 and current smoking status. They were considered to have hyperlipidemia if their fasting total plasma cholesterol level was Ն 220 mg/dL or they had already been treated with cholesterol-lowering drugs. They were considered to have hypertension if they met the criteria of the World Health Organization or were already being treated with antihypertensive agents. Diabetes mellitus was defined if they met the diagnostic criteria of the World Health Organization or were already currently using insulin or oral hypoglycemic agents. Medical history concerning stroke, ischemic heart disease, and peripheral arterial occlusive disease were obtained. The presence of ischemic heart disease was determined by history of myocardiac infarction or angina, and by abnormal results on electrocardiogram. Peripheral arterial occlusion was also checked by measuring the ankle brachial pressure index (ABI) and confirmed by angiography. In patients with AAA, total cholesterol, triglyceride, LDL-cholesterol (LDL-C), and HDL-cholesterol (HDL-C) were measured.
Genotype Determination
Genomic DNA was extracted from 2 mL of whole blood with a GenTLE kit (Takara Biomedicals, Ohtsu, Japan) according to the manufacturer's instructions. The genotype of plasma PAF-AH was determined with an allele-specific PCR method, as described previously. 8 The sequences of the sense primer (Sense primer A) and three antisense primers (Antisense primers B,C,D) were as follows:
Sense primer A: 5'-CTATAAATTTATATCATGCTT-3' Antisense primer B: 5'-TTTACTATTCTCTTGCTTTAC-3' Antisense primer C: 5'-TCACTAAGAGTCTGAATAAC-3' Antisense primer D: 5'-TCACTAAGAGTCTGAATAAA-3' Genotypes were designated as GG (normal), GT (heterozygous), and TT (homozygous deficient).
Assay for Plasma PAF Acetylhydrolase Activity
Venous blood was collected into a tube containing EDTA and centrifuged at 2,000 x g for 15 minutes at 4°C. Plasma samples were stored at Ϫ70°C until the time of assay. The activity of plasma PAF-AH was determined using the method described by Miwa et al. 7 
Statistical Analysis
Data on age are presented as mean ϮSD. The difference between the groups was analyzed using the unpaired Student's t test. The differences in frequencies of smoking, hypertension, hyperlipidemia, diabetes mellitus, and frequencies of the mutant allele were analyzed by Fisher exact test. 2 analysis was used to test deviations of genotype distribution from Hardy-Weinberg equilibrium and to determine allele or genotype frequencies between patients and control groups. P values were two-sided. Statistical analysis was performed with Statview (version 4.5, Abacus Concepts, Inc., Berkely, CA). Univariate analysis of odds ratios were calculated to analyze risk factors for AAA. Furthermore, logistic regression methods were used to calculate each odds ratio and 95% CI estimating the relative risk for AAA associated with T allele, which was adjusted for sex, age, smoking, diabetes, hyperlipidemia, and hypertension (JMP, version 3.1, SAS Institute Inc, Cary, NC). In addition we calculated odds ratios separately among patients having AAA with/without hyperlipidemia and/or T allele to estimate relative risks for other atherosclerotic diseases. Plasma PAF-AH activity was compared by one-way ANOVA with the Scheffe test. A value of P Ͻ .05 was taken to be statistically significant. Simple correlations between plasma PAF-AH activity, and total cholesterol, triglyceride, HDL-C, and LDL-C were determined.
RESULTS
The Clinical characteristics of patients with AAA and control subjects are shown in Table 1 . There was no significant difference in age and sex between the groups. Among the atherosclerotic risk factors examined, the patients with AAA were more likely than controls to have hyperlipidemia and hypertension.
The genotypic and allelic frequencies of the G/T mutation of PAF-AH gene are summarized in Table 2 . These data are consistent with the distribution predicted by the Hardy-Weinberg equilibrium. Among controls, the frequencies for the G and the T allele were 0.87 and 0.13, respectively, and are similar to the frequency previously reported for Japanese individuals. 10, 11 The prevalence of the GTϩTT genotype was significantly more frequent in patients with AAA than in control subjects. There was also a significant difference in allele frequencies between patients with AAA and control subjects ( Table 2 ). The odds ratio of the GTϩTT versus the GG genotype of PAF-AH gene between patients with AAA and control subjects was 2.48 (95% CI, 1.36 -4.65). The association of this mutation with AAA patients was statistically significant and independent of other atherosclerotic risk factors when subjected to logistic regression analysis ( Table 3 ).
The average value of plasma PAF-AH activity in each group is shown in Figure 1 . Plasma PAF-AH activity in GT heterozygotes was almost half of that in subjects with the GG genotype. No PAF-AH activity was detected in TT homozygotes. Plasma PAF-AH activity was significantly higher in patients with AAA than in control subjects in GG genotype subgroups.
Maximal abdominal aortic diameter was measured by CT in patients with AAA. The diameters in GG and GTϩTT patients were 49.9 Ϯ 11.2 mm and 50.3 Ϯ 11.8 mm, respectively. There was no significant difference between the groups. Table 4 shows correlations between plasma PAF-AH activity and total cholesterol, triglyceride, HDL-C, and LDL-C in AAA patients with GG or GT genotype. In patients with GG genotype, plasma PAF-AH activity is related to total cholesterol and LDL-C by simple regression analysis (r ϭ 0.53 P Ͻ .001, 0.59 P Ͻ .001. respectively). However, after adjusting the PAF-AH activity for LDL-C by linear regression, the correlation between PAF-AH activity and total cholesterol in GG genotype patients was almost completely abolished. Figure 2 shows the simple correlation of LDL-C with PAF-AH activity in AAA patients with GG genotype or GT genotype. Unlike patients with GG genotype, there was no significant coefficient between LDL-C and PAF-AH activity in patients with GT heterozygotes. The levels of LDL-C in GG genotype patients were significantly higher than those in patients with We calculated the relative risk for accompanying either history or concomitance of atherosclerotic diseases such as ischemic heart disease, stroke, or peripheral arterial occlusive diseases for AAA patients with T allele (GT or TT) stratified by the presence or absence of hyperlipidemia. This time, hyperlipidemia was defined as either total cholesterol Ն 220 or LDL-C Ն 140. We found that the relative risk for accompanying atherosclerotic disease for AAA patients with both T allele and hyperlipidemia was 9.4 (95% CI 2.6 -34.0) compared with patients with normal genotype and normal lipid level ( Table 5 ).
DISCUSSION
Our results suggest that the G 994 3 T mutation in the plasma PAF-AH gene is associated with AAA. We found a significantly higher prevalence of individuals who have the mutation among patients with AAA than among a control group with matched age and sex. These findings are further supported by the results of our multivariate analysis, which adjusts for the presence of tabulated atherosclerotic risk factors, and which shows an independent association between T allele and AAA. As the plasma activity of the enzyme is determined by the genotype, low or no activity of the enzyme may be an important factor in genetic susceptibility to AAA. In addition, hyperlipidemia in combination with the presence of T allele led to a higher risk of other atherosclerotic diseases among patients with AAA, suggesting that an interaction between PAF-AH and lipoprotein may play a crucial role in the pathogenesis of atherosclerotic diseases in Japanese people.
The mechanism by which the point mutation led to an increase in genetic susceptibility to AAA is not known. Recent studies have highlighted the important role of enzymes that degrade collagen and elastin in formation of AAA. Among the enzymes, the matrix metaloproteinases (MMP) have been identified in AAA tissue, and are known to degrade both elastin and collagen in the aortic wall. 13, 14 Platelet activating factor was demonstrated to increase the activity of MMPs, in which the reaction was blocked by PAF antagonist. On the other hand, histologic examination of AAA tissue shows a prominent inflammatory response. Leukocytes, primarily macrophages and lymphocytes, can be seen invading the intimal plaque and advantitia. 15 Platelet activating factor is also a potent inflammatory mediator for migration of these cells. These inflammatory cells, especially macrophages, are believed to be a major source of MMP-1 and MMP-9 in AAA. 16 Taken together, the lack or low level of PAF-AH caused by genetic mutation may fail to inactivate PAF, accelerating inflammation and MMP production, which may contribute to formation of AAA. This idea is further supported by the observation that recombinant plasma PAF-AH markedly inhibits PAF-induced inflammation in rats. 17 In addition, PAF-AH may also play a pivotal role in preventing atherosclerosis. Although the pathogenesis of atherosclerosis is complex, oxidative modification of LDL is involved in the development of atherosclerosis. Oxidized LDL injures the endothelium and helps monocytes infiltrating the endothelium to differentiate into macrophages. Oxidized LDL generates large amounts of antigens during the progression of atherosclerotic diseases, which stimulate not only T-cell migration but also induce antibody production. Therefore, atherosclerosis may involve an autoimmune response to oxidized LDL. 18 Platelet activating factor acetylhydrolase protects LDL from oxidation and prevents internalization by macrophages. 6 This action may inhibit the initial development of atherosclerosis. 6, 19 Therefore, the deficiency of plasma PAF-AH may advance LDL-associated atherosclerosis. In this study, plasma PAF-AH activity was strongly correlated with the plasma concentration of LDL-C among AAA patients with normal genotype. This result was quite similar to data reported in a previous study performed in the United States. 20 These findings suggest that the correlating elevation of PAF-AH with LDL-C level may be one of the defense mechanisms against atherosclerosis. Conversely, plasma PAF-AH was not related to LDL among patients with T allele. Indeed, the results of a subgroup analysis indicate an interaction of the genetic mutation and hyperlipidemia to increase risks for having history or other concurrent atherosclerotic diseases for patients with AAA. These findings suggest that patients with the genetic mutation may lack the PAF-AH-related defensive mechanism against atherosclerosis. Therefore, the genetic mutation and associated deficiency of PAF-AH activity may increase the risk of atherosclerotic diseases in AAA patients. However, whether the combination of T-allele and hyperlipidemia increase the risk of atherosclerosis for patients without AAA is unknown, and similar studies for patients without AAA (such as in ischemic heart disease) or stroke patients, as well as healthy controls, are needed.
The role of oxidized LDL in the pathogenesis of AAA has yet to be elucidated. In this study, the levels of LDL--cholesterol in many patients with AAA were not markedly high, and the levels of LDL-cholesterol in patients with the normal (GG) gene were significantly higher than those in patients with the mutation (GT or TT). Therefore, the cholesterol pathway might be more involved in increasing the risk of atherosclerotic diseases in patients with AAA rather than in the mechanisms of AAA formation. Because the causes of both AAA and atherosclerosis are multifactorial, we speculate that plasma PAF-AH deficiency is not a definitive but a relative risk factor for susceptibility to these diseases. Further studies are needed to define the role of PAF-AH interacting with other risk factors in a complex multifactorial disorder. Larger populations of the patients, including more diverse groups and people from ethnic origins, need to be studied prospectively to investigate the role of PAF-AH. If confirmed, our findings will have important implications for identifying patients at higher risk and will provide a rationale for systemically assessing atherosclerotic diseases.
